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KXPKHIMMN’rAL STUDItS ON KAST-NKUTMON 
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A . I. Leipuns kii. [T/ /fondarniJfl 0,1) . Kasachkovskiit L.I\Abaf;yant Yu,S,Aborint N.OJiazazyantSt C.A.Ih- 
tirbckov, V.V Jlondarcnho, A.I.l'oropacv, E,l'.F,fimoVt Yu.S,/.amyatkin, A ,V./.vonarev, 

y,P. Zinovyev, Sf.N.Zyzyn, V,y. Ivanov, N.y.Krasnoyarov, F,N,Krot, M.Ya, Kulakovskii* y.C.Liforov, 
y,F. Mamontov, IlK.Ma.slennikov, V ,1. Matveev, y.N. Morozov, M.N. Nikolaev, M. Yu. Orlov, Y. A. Parfyonov, 
y.y.Pencnko, WEMitlkii, Y .A. Semyonov, ^'.A'.SmirenAin, /f ./^5m*fnou-/ll>^?r^n, Y.P.Sokolov, M,F. Troyanov, 
O.P.Uznadze, F. I, Ukraintsev, I..N.lfsiichev, N.N.Shafralin. 

The rerults of rivsinirrh work on physics of fnsl renctors nrc reported. This work was car- 
ried out in the Institute of l^hysics and Knergctics of the Slate Committee on Uses of Atomic 
Mnergy of the USSH since tlie Second UN ('onferonce on peaceful uses of atomic energy held 
in (ionevn ami wns done n.s the continuation of investigations reported there [1], 

MULTIGROUP CONSTANT SYSTEMS 

Multigroup method is often used now for calculations in fast reactor physics. All the 
neutrons are divided into a finite number of energy-groups in this method. 

In the early developments of this method the constant sets with a small number of groups 
were used to cover the neutron energy range of interest for fast reactors. [1], [2], Such systems 
are very convenient in the case of reactors with higl ’y concentrated cores and heavy, strongly 
absorbing reflectors, when neutron spectra have relatively well defined lower limit. However 
they hardly are of great use for calculations of large power reactors, especially ones with 
oxide or carbide fuel. The elastic moderation of neutrons plays considerable role in these 
reactors and lower limit of the spectrum becomes indefinite, jt is very desirable in these condi- 
tions to have constant systems including all the neutron energies down to thermal ones. 

The 18- and 21-group systems meet these requirements rather well [3]. They have been widely 
used in our Institute during some time up to recently. Now we use 26-group system [4] which 
is set as principal in this report. 

THE EXAMINATION OF LARGE REACTOR SYSTEMS 
AT THE ’’BFS’^-STAND 

The investigations on physics of large fast power-reactors with highly diluted fuel were 
carried out on the ^*BFS*^-stand designed specially for this purpose (see Fig. 1). 

The device will be described in detail in the **Atomnaya Energiya*’. 
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T l> C (■ I. H r n c t (• r 1 M l i C s of h y s t c ni h o x n m i n e d. More tlinn 15 r«>uc- 
lor systems were examined .it ’’ni-’S” since its setting into o[)oration (June 1961). I'our typi- 
cal e-xamples nre eonsidere.l in this re(»rt. The parameters of tliene .systems are presented 
in Table 1, In the first three systems the fuel wos diluted in nclive /.one practically by .. 
single element - nickel, iron or uranium. The ex,K:riments of this kind allow to find out the 
errors of constants of basic dilutors now in us.; for fast reactors construction and to estimate 
the accuracy of accountingof various phy.sic«l effects (for example, resonance cross-secl.on 
structure etc.). In the fourth ense the system was a physical model of industrial power-reactor 

with crrarnic fuel. , . . 

The integral parameters. The most important reactor characteristics are 

integral parameters; critical mass, breeding mtio ond others, l•:Kporimcntal and calculated 
values of these parameters are shown in Table 2. Hxperimental and calculated values of critical 
muss may be compared in 2 different ways; calculated critical mass be determined either by tlie 
vurintion of the composition with fixed size or vice versa. Calculations were made in 18-group 
I > 1 -approximation on the basis of 26-group cross-sections [41 by the method of approximate se- 
paration of variable.s. .The corractions due to the difference between real geometry of system 
and that of ideal cylinder were calculated by application of perturbation theory and introduced 
into results. These corrections arc small (no more than 0.2% in critical mass). I ho second 
method of critical mass determination (by variation of the core's diameter) rasults in somewhat 
greater values. The difference between the.se two methods is demonstrated by the data in 
Table 111. Heterogeneous resonance effects only wore taken into account in the evaluation 
of critical masses (61. Nonresonant homogenity was not considered; this effect can contribute 
as much ns 5% to critical mass of some systems. That is confirmed by experiment { BS-8 
cmicnl mass hns been deceased by 4 . 5 % with u235.heterogenity increasing at constant 
radius). Two-dimensional calculations were made: in addition to approximate variables separa- 
tion calculations. Critical mass of ”IJS-l2'’-systcm determined by 18-group two-dimensional 
computation practically coincides (within 1%.1 with the result of one-dimensional computation 
thus confimiinga good efficiency of the conditional v.'-inble separation method. It must be 
noted that reasonable agreement between experiment.il ami computed values was obtained 
taking into account the resonance cffcct.s (or each system individual. The most striking example 
of this type is ”BS-8”-system. The critical mass calculated witliout selfshielding considera- 
tion was 15% less than experimental value (with constant size of the .ore), hxpenmental 
ratios of the total number of events, shown in Tabic 2 result from numerical two-dimensional 
integration of experimental data. Calculated ratios arc, as a rule, in reasonable agreement 
with empirical values. The most essential deviations occur for the ratio of numbers of fission- 
events in U23fi and u235 ( ^a3 / ^a3 ) ti,e core of -’I3KS-12". The main part of this difference 
is due to the heterogenity of experimeiilal .system which was not taken into account in calcula- 
tions. 

Neutron capture in could not be measured at *^BFS*-stand and it was consequently 
impossible to derive the breeding ratios for systems examined from the experimental data only. 
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The mtios a - obtaimul by inultigroup ratriilalionH with constanlH [4I 

wore used for the ib'termination of breeding nitio.s on lh(? baai.s of expt^rininnlal values, Hnusl- 
infj nilios thus deUenninod are in rtnisonablo agrt*enienl with piiroly ciilculational values, 

T he number of events d i s l r i 1 j a I i o a. It wos (leinonslralod above that 
the usage of approximate variables separation method with the proper constant system provides 
good accuracy in the calculations of integral characteristics for large reactor systems. The 
satisfactory results were obtained by ap[>lication of this method to the evaluation of space- 
distribution of numb<?r of events in niaclor. b’or example, such distributions for *MiKS-l2'' 
system are shown in big. 2. The results of iB-group two-dimensional calculations are given 
there also. The difference between one- and two-dimensional calculu lions becomes conside- 
rable in the last layers of the blanket only. The satisfactory agreement exists between expe- 
rimental and theoretical results. 

The characteristics of c o r e - in a t e r i a I s . The nulinl tnmd of 
cross-sections ratios of various maclioiis for **Bb\S-l2** system is shown in I'ig, 3. Kven the 
ratio of (n,f) and lj233 (nj) cross-sections which depend on energy in very difh^rent ways 
is constant in the core. It indicates that neutron spectrum is constant in the central part of tlie 
core and consequently space-distribution of neutrons can hcdescribod by one-group model. In 
one-group theory neutron space-distribution in the core is known to coincide with the distribu- 
tion in the critical bare reactor and is completely determined by the single value ~ the material 
parameter 

The notes separation of spatial and energetic variables in the contra! parts of the core 
occurs for all the systems oxamiiiod. 

In these regions energy spectrum and spatial distribution of neutrons are completely 
determined by the ’'nuclear** physical characteristics of the medium and it is very valuable 
because a possibility arises for the verification of constant sets for. multiplying media. 'Phis 
possibility is affected neither by the accuracy of reflector’s constants nor by the correctnos.^ 
of mathematical and geometrical approximations made (in so far as characteristics of the bare 
reactor may be calculated exactly). 

Though no detailed measurements of neutron spe; ira in the cores of the described system.^ 
were made, observed ratios of average cross-sections of reactions with different energy 
dependence may be taken as integral characteristics of these spectra. These parameters are 
compared in Table i with the values resulting from averaging of cross-sections for the spectra 
in bare critical cores. The experimental and theoretical values of the material parameter sr ur 
compared in the same 'I’able. Vor the calculation of these vnlues r‘,\perimcntal distributions 
were approximated by eigenfunctions of the cylindrical model by using least-squares method. 

Experimental and theoretical values are found to be in reasonable agreement. The discre- 
pancy es.sentially larger than experimental unc^tamtv ocj^urs in the single case ~ for thenui " 
of fission cross-sections of and l|235 ”bFS-l2”-assembly mentioned above is 

responsible for this disagreement. 

Distortions. The reactivity perturbations produced by various substances inirodu * ‘ J 
into reactor’s core were also measured on ”BPS”-assemblies, Some of the.-^e rr.!sults arv ) 
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In Table 5. The size of aampleH were cliooHen Hmall enough to nvoid the diaiortion of neutron 
dintribution and to make the firHt-ordc?r culculutionH of perturbation theory sufficiently ac- 
curate. The results shown demonstrate the reasonable ugreemonis Innween theory and experi- 
ment. Spatial distribution of distortions wort* examined in addition to the distortion in the 
centre of the core. Experimental and theortuical distributions of reactivity introduced by 
various substances are shown for *'BFS-12'*-asaembly in Fig. 4. 

THF, laPKIlIMENTS ON NRimiON DIFFUSION IN MEDIA 

lo find out the sources of possible errors in nniclor calculations macroscopic experiments 
are of great help especially ones carried out with these sources definitely removed at 
certain (at least partially - the experiments with simple geometry, in uniform media etc.). 

Now we consider the results of experiments of this kind concerning neutron diffusion in 
moderating simply composed media with low multiplication. The major purl of [f] these 
meosurements was carried out at the "BR-r'-reactor and consisted in the examination of 
neutron space-energy distributions in the thick reactor blankets composed of various materials. 
The concentrated plutonium core of 'T3B-r*-renctor worked ns the neutron-source with the 
spectrum very close to fission spectrum. Experimental technique isde.scribed elsewhere [1], [7], 
[8]. The results obtained.at are complemented by detailed time-of-flight mensuremcnls 

on the reactor [9], The experimental arrangement is outlined in Fig.5. The neutrons 

escaped the prism under examination were detected by scintillator [101 disposed at the distance 
(1km) from reactor^'s core. The resolution was ^0.04 gscc/m in this case. 

The media containing uranium. plays an important pan in the 

fast breeders and the considerable part of experimental program carried out at "BIM^^ was 
devoted to the examination of uranium-containing media. 

In addition to metal uranium (the results on this subject were reported on the 2-nd Geneva 
Conference) [1] uranium’s oxide and heterogeneous graphite-uranium as.scmbly modelling 
uranium’s carbide were examined. 

It is interesting to compare some general nuclear-physical characteristics of these materials, 
for example, characteristics averaged over equilibrium and a . neutron spectra in the 

various media [11. The asymptotic and eqwiTibriiiin neutron spectra in uranium carbide were 
examined in the blanket of composed of the cylindrical slugs (diameter 47 mm) of 

uranium metal (b = 2 cm) and of graphite (h = 1 cm) packed into close hexagonal lattice [H]. 
Uranium and graphite densities in this system were 2.74- and 2.42 *1022 nuclei/cm^ 
respectively. 

Heterogeneous effects in the examined assembly were not large ( and wore taken 
into account both in theory and experiment. Blanket’s dimension in the direction examined 
was large (up to 80 cm). At the distances more than -50 cm from the core the asymptotic 
equilibrium of neutron spectrum existed, appearing in the constancy of ratios of reactions 
cross-sections with essentially different energy dependence (see Fig.6). The integration of 
experimental distribution over the blanket total volume made the evaluation of equilibrium 
s^ctrum characteristics to be possible (after introducing small corrections ^ 5 % due to the 

- 4 ~ 


Approved For Release 2009/08/26 : CIA-RDP88-009Q4R0QQ1 0011 001 7-1 


9 





Approved For Release 2009/08/26 : CIA-RDP88-00904R0001 0011 001 7-1 


leakugc). In the coao of uranium's oxide only the cluimcteriHllcs of aHymplntic .M|Ky;lriiin 
were menHurcd in the ex[x)nentiiil ex[K’riment with the prizm I.'IQ. 4x104x1 12.2 cm. Its eomiwsl- 
tion is shown in Table VI. 

The copper blanket of "HIM" served us neutron source. The clinracteristics of asyiuplo- 
tic ond equilibrium 'Spectra obtained in these experiiuents art* presented in the 'Fablo.s VII and 
VIII. The utilization coefficient I), presented in Table VII describes the multiplication of 
fission neutrons in the medium because of fission of [Jl. 

This parameter decreases in the carbide and oxide of uranium (H « 0.118±0.009) due to 
the removal of neutron under the fission barrier of after moderation on the nuclei of 
carbon, oxigen and other impurities. Another important parameter is the asymptotic dif- 
fusion-length. I'orr()nvenienc(* the inverse value divided by the dimsity of uranium (nuclei 
per cm'^) is shown in Table VII. 'I’he increase of this parameter in carbide and oxide relative 
to the metallic uranium meons that by using these compounds the total quantity of uranium in 
the blanket providing the given level of neutron leakag may be reduced. This fact results 
in the partial compensation of the additional removal caused by the presence of the carbon 
and the oxyg(»n/rhen the relative contribution of fission in the total neutron balance 
remains constant in the asymptotic regions of all examined media containing uranium 
(which is confirmed by the constancy of the ratios of (l]“‘^^)/(7f (U^*^^) . Experimental and 
calculated characteristics of asymptotic and equilibrium neutron spectra in the uranium-contain- 
ing media including the ratios of average cross-sections of reactions with different energy 
dependence are in reasonable agieement. In llie case of carbide and oxide this agreement was 
achieved only due to accounting of resonance selfshiolding of cross-sections in the constant 
system used. This effect is the largest for uranium oxide, where capture cross-section incre- 
ases by 10±3% due to the Doppler-broadening of resonances when the sample irradiated is 
heated from 800®K to 900°K. rho calculated figure is 9%. 

The spatial neutron distributions in the uranium-containing media are described satisfactorily 
too (see Figs 6 and 7). 

Thorium. The f>ossibilities of the utilization of thorium for power-production are usual- 
ly considered in connection with the feasibility of bn eding cycle for the thermal reactors. 
However hearing in mind the possibility of the utilization of the total resources of the nuclear 
raw materials and the production of it is desirable to consider the utilization of thorium 
in the fast breeders in particular ns a material for the construction of the outer breeding zone. 

In this connection it is interesting to measure the nuclear characteristics of thorium and to 
compare them with those of uranium. To attain this object the thorium control rods were mounted 
at (see Fig. 8) and a thick thorium blanket was assembled (110 cm high, 120 cm thick) 

of cylindrical thorium blocks .85 mm-diameter. To decrease the neutron leakage through the 
chinks between blocks the .successive layers were shifted one relative to another by the half 
of the lattice pitch. The average density of thorium was 2.61 * 10^2 nuclei/cm^. 

The measurtnnents of total number of events in reactor allow to determine the breeding 
ratio of .such a system. This value (2.05±0.09) was in agreement with the calculated figure 1.97 
(the theoretical value of a 
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was used in both cases which was equal to 0.06). 
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The reduction of breeding nUio in thorium reactor relulive to the identical system with ura- 
nium blunkoi (2.5i0.1) [1] is due to the decrensingof contribution of fission in the ruw 
material from 0.5 to 0.070i0,00.'5. Thu contribution ofTli^-'^fn, 2n) reaction to the breeding 
ratio is estimated as 0.01 liO. 001. 

The parameters of equilibrium neutron spectrum in thorium arc given in I able VIII. I he 
ex|)erimental and theoretical values of the utilization coefficients are presented in the same 
Table. It is difficult to explain the observed difference between these two values by the 
experimental uncertainly only. In so far as thorium^s fission cross-section (68nib) used in 
calculations is in good agretunent with the results of direct measurements (60rnb) the error in 
the values of utilization coefficients included in the constant system used is the probable 
source of the discrepancy. One needs to take D = 2.3i0.2 barn to avoid this disagreement. 

There is no asymptotic equilibrium spectnim in thorium but shape of the spectrum of 
neutrons absorbed in thorium varies slowly (see Fig. 9) and consequently the spatial dislribu- 
tion of captures at the distances from the core exceeding 20''^40 cm may be de.scril)ed 
satisfactorily by one-group approximation. The inverse diffusion length for this group divided 
by thorium density (nuclei/cm^) equals 2.6±0.1 barn exceeding the corresponding value ae/N0 
for asymptotic spectrum in uranium (see Table VII). The .space-energy neutron distributions 
near the source are complicated and must be treated by miilligroup methods. The comparison of 
inultigroup results with experimental data shows that the constant system [4] provides the 
satisfactory accuracy of calculations (see Fig. 9). 

The moderating media-nickel, iron, copper. 1 he examination 
of neutron diffusion in moderators is of interest for the shielding problems and for the reactor 
physics in general. Actually the concentration of moderative dilutors in the cores of large 
power fast breeders is found to be high; reactor^s blankets contain the considerable quanti- 
ties of coolers and construction materials and in special case (as for example in BH-5 reac- 
tor) blanket consists entirely of nonmultiplying elements [13], 

The problem of taking into account the cross-section resonance structure is one of the 
main problems when the neutron diffusion in moderatinT; materials is considered. Light and 
middle nuclei (A « 50) show cross-section structure up to c: . ^gies of some Mev [14]. It should 
be noted that in contrast to the heavy nuclides in the case of light and middle nuclei not only 
neutron absorption, but also moderation and transport depend on the cross-section resonance 
structure. 

When the cross-section resonance structure in Kev region is to be considered the situation 
is complicated by the presence of resonance-potential interference. At higher energies the 
resonance-resonance interference also is to be taken into account [6]. Ihcse complicative 
circumstances reduce considerably the reliability of the group constants in macroscopic 
experiments. Here are considered the results of some experiments of this kind. 

Fig.lO shows the distribution of different reactions in the nickel blanket of 13IM reactor 
as well as the calculation of these density distributions carried out with and without the 
consideration of the cross-section selfshielding. The discrepancy between experiment and 
calculation shows that the used constants overestimate selshielding effects. The same 
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conclusion' follows from the comparison of ilie calculatoil spoclra of neutrons (MnorKiri>< from 
nickel prism with time-of-flight results 11). One can see that the most striking 
discrepancy between the experiment nml calculation lakes place in tlie vicinity of the emss- 
section interference minima at 10 Kev and 150 Kev. It is not surprising since the cross- 
section structure for nickel is poorly known and avullahle con.stjuus include rather large* 
uncertainties. To improve the agreement between calculation and experiment it is necessary 
to vary cross-section sclfsliielding coefficients for neutron grou[)s corresponding to these 
interference minima by 20-30% [211 (b'ig^ 10-12). 

The total cross-section of iron which consists mainly of the only b'e*^^ isotope ciemonatrales 
the interference of resonance scattering and potential scnllering e.specially distinctly. Most 
prominent dip locates at 29 Kev where neutron free path has a value 70ciii. Under higher 
energies the iron cross-section also shows interference minima. That is why the reliability 
of the description of the neutron space-energy distribution in l*'e depends strongly on the 
accuracy of taking into account the neutron leakage This leakage is always considerable 
for the large iron blocks. So the accuracy of mathematical ap[)roximnlions used in calcula- 
tions as well as group constants accuracy are of major importance. It seemed to be interest- 
ing to investigate the neutron diffusion in iron. 

The reactor witii iron blanket was used for such an investigation. The reactor 

construction was the same as described in [1] with the only exception that blanket thickness 
in the direction used for measurements was chosen to be 91 cm. The cross dirnonsion.s were 
70cm X 74cm. 

The results of measurement of different reactions in this blanket are presented in Pig. 13. 
The discrepancy of one-dimensional calculation in P^-approximation with the experimental 
results in the core is because of the difference in calculated (8,38cm) and measured (6,96cm) 
values of critical radius. This discrepancy may be explained by two reasons. First, in P^-ap- 
proximation the neutron leakage from the core is considerably overestimated (the core radius 
was only 1.5 neutron free path). Second, the cross-section selfshielding effects described 
in [4] were considered only in average. In the blanket layers close to the core the neutron 
spectrum structure varies strongly with the distance. Selfshielding coefficients vary cor- 
respondingly. But this variation cannot be accounted in terms of usual multigroup calcula- 
tion. So the cross-sections for the nearest iron layers are consequently underestimated 
because of the resonance selfshielding effects. As a result the blanket albedo characteristics 
are diminished and the critical mass becomes overestimated. 

It is easy to see that the second reason dominates. 

Really, the calculated critical radius for the reactor with the German silver control rods 
and nickel blanket exceeds experimental value only by 6%. Two-dimensional calculation is 
carried out for tlie real-sized core; the criticality of the system had been reached by the varia- 
tion of i^-value for Pu239 in the core. In this way one was capable to compensate conside- 
rably the effect of aforementioned reasons on the neutron space-energy distributions. 

This example demonstrates that usual multigroup calculation of the system possessing 
sufficient leakage and strong resonance selfshielding of the cross-sections may result in 

’S68 7 
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upprecittblo unccrtainlloH. To avoid lluvsi* uricortainlii'H oiu* huH to ((uiMidrr HoIf.sliioldinK 
effects more cornunly tlniii it in usunlly ('luiracleriHlif’ for inuiliHi’oup calctilalioiKs. 'Mu; 
subgroup motiuul [61, forcxnmph*, may .servo for this purpose. 

The nveruging of iron constants over the infinite medium spectra in regions far from lla* 
core (recointncntled by (41) is reliable and hence in these cases iIk? discrepancies in space- 
energy distributions result from the certainties in iron cross-section data used and uncertainty 
introduced by the idealization of the system geometry. As it could he shown from b’if?. l.'l 
experimental values are in the IkjsI agreement with spherieui Kcomelry calculation, 'rids ngree- 
mcnl however is illusive because the hsikage through the side surface of the prism could not 
be taken into account in this case, When this leakage is taken into account by two-dimensional 
calculation in l^j-approximation with the sameconatunlH the agreement fails. The low energy 
neutron flux is especially sensitive to the neutron leakage, b’or example, neutron flux deenroscs 
by a factor of two after avemging over gold capture cross-section. Taking into account the 
great leakage in Pj-approximation is known to be unreliable and results in the ovensstimale 
of the leakage which corresponds approximately to the factor of 1,.') in our case. 

More correct leakage considernlioa would improve the agreiMneni between experiment and 
theory. Nevertheless it is clear that even in this case the discrepancy could not he avoided. 

The nature of these discrepancies gives the evidence that resonance selfshielding effects were 
overestimated when iron cmss-section (especially transport cross-section) had been calculated. 

It obviously refers mainly to the neutron group correspording to interference minimum at 27 Kev. 
At this energy the total cross-section value includes maximum uncertainty. This conclusion 
has been qualitatively confirmed when experimental energy spectrum of neutrons leaving the 
iron prism has been compared with the calculnKnl spectrum (Fig. 14). The calculation for 
these systems was carried out in plane geometry by using the S„-approximalion. The leakage 
through the side surface was taken into account by adding some fictions absoq)lion cross-sec- 
tion. Mowever.it should be pointed out that the most rigid requirements to the reliability of 
constants to be used arise when the medium consisting of the only element with resonance 
cross-section structure is considered. In the most im; oit tirartical case for the mixture of 
same elements these requirements are considerably rtducco. ! r e.xainple, in the case of 
stainless steel lxl8H9T the description of the neutron spectrum by our constant set was 
satisfactory (Fig. 1,5). 

The results of the examination of the neutron space-energy distribution in iho copper 
blanket of Bfi-1 reactor had already been reported nt the Second (Jeneva Confertmcc in 1958, 
so only the comparison of some of the.se results with mulligroup calculation data is given in 
this report (Fig.l6). It should be noted that in the case of copper the description of experimental 
distributions also requires the correct consideration of the resonance self.Hliielding effects. 

NKUTnON SPACK-ENEUGY DISTIIIBUTIONS AT THE 
TWO MEDIUM BOUNDARY 

As follows from the above discussion the application of group constants taking into account 
resonance seifshielding effects and supposing the collision density to be con.slaiu ptx^vides 
366 
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reasonable ncciirucy of aoutmn space-energy distribution calculation in the continuous 
media but could bu! when a n^gion near boundary is conHidored. Since the determination of 
neutron flux distribuliona is sonieliine.M of consuloruble ialen.^st, a series of experiments 
on .studying the bnuiulary re.sonance effects is now under develn[)ment at the "BH-r* reac- 
tor. The first of them were devoted to the investigation of the increment of neutron-flux 
density at fast redactor hlaakets when tlie latter is surrounded by the additional reflectors 
from different materials [151. 

Up to now the mea.sureinenl of neutron space-energy distributions has been curried out 
at the boundaries of uranium blanket [161, uranium-carbon blanket [17] and thorium blanket 
which had been surroundeKl by an additional iron, .stainless .steel, nickel, copper, berillium, 
carbon and water reflectors, b'igs b)-21 demonstrate the change of resonance cross-section 
selfshielding near the boundary. The measured capture density in this regions prominently 
exceeds the calculated one. At the same time the measured flux of resonance neutron 
(Mn - d 9ev) which |KMictral(\s into the blanket from the additional reflector drops more stee- 
ply than the calculations predict. These results are of practic importance. In fost breeders 
it is useful for the suj)[>ression of noulroQ leakage from the breeding zone to surround the 
latter by additional reflector. So the question arises: what material would be the best for 
this purpose? The measure H of the efficiency of additional reflector is the increase of 
neutron capture evenl.s within the blanket due to the additional reflector divided by the dif- 
ference between the number of neutron capture events within the blanket in two coses: the 
iaruiitely thick blanket and the chosen blanket. 

The parameter for the investigated blanket and reflector materials is presented in Table iX. 
The quantities A of the fuel economy which could be reached because of additional reflector 
application (with breeding ratio being constant) are also given. Large uncertainties of the 
quantities presented in Table IX are due to the fact that the measured effect is the .small dif- 
ference between two large quantities. 

It is easy to see the greatest value of considered characteristics must be incorporated to 
berillium. However the spectrum of neutrons returning from tlie additional reflector depends 
essentially on the reflector material and if so above menlioned values must not be decisive 
for the choice of additional reflector. It is very important to know the rale of burning and the 
shape of neutron spectrum in the produced fuel. 

MEASURKMENTS OF MCUTRON RADUTIVE CAPTURE 
BY URANIUM AND THORIUM ISOTOPES FOR THE 
REACTOR SPECTRA 

For the determination of some reactor characteristics (such as breeding ratio, critical mass 
etc.) it is necessary to know the distribution of neutron radiative captures in fissible materials 
throughout the reactor. The calculation of this quantity is unreliable at present because of 
uncertainty in values of radiative capture cross-sections for fissible isotopes. Its direct 
measurement at little power critical assembly also seems lo be impossible. So with the mono- 
energetic neutrons used the only way of measurement of this cross-section is the detection of 
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capture y^roys. This technique is very complicated by a strong background and by the weakness 
of the effect which is to be measured . 'Fhe results of such experiments still have large 
uncertainties. Also u number of complications [61preventsan application of the capture cross- 
section data, received in the resonance region by time-of-flight technique. 

In this situation the measurements of ca|)ture cross-sections of fissible isotopes for wide 
neutron spectra are of considerable interest. Such a possibility arises when a powerful reac- 
tor is used. Here it becomes possible to store a sufficient number of nuclei produced by 
neutron capture in the sample. The concentration of these nuclei thei can be determined by 
the mass spectrometric methods. The results of such measurements carried out at BR-S [13] 
reactor are given below. The peculiarity of spectrum of this reactor is its strong variation 
from the concentrated plutonium core to the nickel blanket‘[18]. This circumstance allowed 
to fulfil the measurements of capture cross-section and relation a => ajoj for wide range of 
neutron spectra including nearly all energies of practical importance. The following expe- 
rimental procedure was applied. Samples of uranium protoxide-oxide and plutonium oxide 6'8mg 
weight were packed in brass covers (envelopes) and then placed inside the airtight (hermetical) 
envelope of stainless steel. This experimental arrangement was put in the reactor core instead 
of one of nuclear fuel slug at the distance 4, 7 cm from vertical axis of the reactor. 

Samples placed at the central plane of the reactor were radiated by a total number of 
1.14- 1022 neutrons per square centimetre during nearly five months of reactor operation [18] 
After some delay necessary for reducing y-back-ground the samples were radiochemical ly 
treated to extract the probes for mass-spectroscopic and radiometric analysing. 

The mass-spectrometer results serve to determine quantities of nuclei produced by the 
neutron radiative capture by 1)233 1)235 and Pu239 nuclei. The concentration of Pu^^O jn 
isolopically pure Pu239 (the concentration of Pu^^O before irradiation 5-10‘3%) was also 
determined by measuring the spontaneous fissions of irradiated samples [19]. There is a 
reasonable agreement (2 — 5%) between the results of these two independent measurements. 

The distribution of fission events was measured by ionization chamber and by the radio- 
chemical methods detecting the radioactivity of ext-'^rted fission fragments. 

With the total neutron flux and concentrations of accurni:!:UeJ 1)234^ (j236 and Pu240 
known it is possible to determine the capture cross-sections 1)233^ U235 and Pu239 respectivelv 
and their ratios to the fission cross-sections. 

Fables X - XII present the measured and the calculated values of cj and a = a^/af 
for the uranium and plutonium isotopes investigated and some specific neutron spectra of 
88-5 reactor. The forms of these spectra are shown in Fig. [20]. The neutron spectrum 
calculation was carried out for idealized homogeneous spherical reactor with using multigroup 
constants recommended in [4], 

The impossibility of exact taking into account the complicated geometry of real reactor 
did not allow to obtain a good agreement between experiment and calculation for the space 
distributions. Nevertheless calculated cross-section ratios appeared to be in reasonable 
agreement with the experimental results. This fact (as well as the verification of accuracy 
of spectrum calculations in the macroscopic experiments discussed above) permits to suppose 

368 
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that the calculated apeotra were close to real ones. So u nither good agreemont of experimental 
and calculated data on capture croHs-scctlons could lie interpreted ns a conflmialion of correct 
values of radiative capture and fisaion croMs-section used in calculation. 

The greatest discrepancy much exceeding ex))erimental uncertainty lakes place for capture 
cross-section of Pu^'^^.Obviously, group cross-sections for this isotope cIiosimi correspond- 
ing to the recommendations of [20) and scunitheoo'tical considerations of [\] are oven^sti mated 
appreciably, 

MKFKHKNCKS 

I. AJ.Leipunsky et al. Second Oeneva Conference report No.20't0. (lenevn, 1958, 

2. 1, V,Gordeev^ O./l.Cort/oaAco, A,V.\falishev. Nuclear physics constants. Atomlzdat, Moskow, 1960. 

3. G,l. Marchuk. The methods of nuclear reactor calculations, (losutomixdat, Moscow, 1961. 

4. L.P.Abagyan et al. The group constants for the reactor culculutloim. M. Co/otomizdat, Moscow, 

1964. 

5. L.P.Abagyan ctnl. 'TIroup Constants for Designing Nuclear Hciitiors”, Consultants llurcau 
Enterprises, inc., N.V.(to be published), 

6. L.P.Abagyan et. al. Report |»reHcntcd al thin conference, 

7. M.N.Nicolacv et al. Report N86 ’’Physics of fast and intermediate reactors”, IAEA. Vienna, (1962). 

8. V.I.Golubev et al. ’’Neutron resonance indicators in the investigations of neutron spectra in fast 
reactors”, ’’Atomnayu Energiya”, II, .522, 1961, 

9. G.E.Plohin et al. ’’Report NOl. Physics of fast and intermediate reactors, page 309, IAEA, 

Vienna, (1962). 

10. /.Eiri et al. Liquid scintillators for neutron detection Annals of conference on nuclear electro- 
nics, Belgrad, 1961, 

II. V.I.Golubev et al. The neutron diffusion in uranium carbide. ’’Atomnaya Energiya”, (to be pu- 
blished). 

12. 1. 1. Bondarenko, V.P.Covaliov. ”Pile neutron research in physics”, page 159, IAEA, Vienna, (1962). 

13. A.l. Leipunsky ct al. Second Geneva Conference, n*porl No.2129, (leneva, 1958. 

14. M.N.Nicolaev ct al. Report N85. ’’Physics of fast and intermediate reactors”, page 65 IAEA Vienna 
(1962). 

15. M.N.Nicolaev cl at. Report N87. 

16. V.I.Golubev et al. ’’Atomnaya Energiya”, 15, 258 (1963). 

17. V.I.Golubev et nl, ”Atamnayn Kncrgiya”, 1^327 (1963). 

18. A.l. Leipunsky ct nl. ’’Physics of fast and intermediate reactors”, page 315, IAEA, Vienna, 1963. 

19. V.N. Ivanov, N.N.Crot and G.N.Smirenkin. ’’Atomnaya Energiya” (to be published). 

20. Uiftah, Okrent and Moldauer, Fast Reactors Cross-sections, New York, Pergamon Press, 1960. 


368 


- 11 - 


Approved For Release 2009/08/26 : CIA-RDP88-009Q4R0Q01 0011 001 7-1 





Approved For Release 2009/08/26 : CIA-RDP88-0Q9Q4R00Q1 0011 001 7-1 


PHriuimter« of f'xperimental aaflemblicft 


'l‘ H l» I e 1 


Pitrninc? IrrH 


Ifeigtit of tho core, |uMi| 

Mq. tlinmclcr of the core, Icnil 
Volume, [I Iter I 
(•riticat itiimH, (kK 
Side hlunket tliickneHN, |cni| 
Upper hlniiket thickncHH, [ent] 



[1 23 5 (lo.Bg 
1)230 (10,6g /cm'h 
froti (7.0g/cm'^) 

Slain, (7.9g ''em*') 
steel 

Nickel (0,9«/cm*^) 
Aluminium (2.7g 'cm"^) 
(•raphite (1.6g^cm‘^) 
Air 


IJ23B (I8.8g/cni^) 
Stain. steel (7.9g ^cm*^) 
Air 

ao.Og/cnr'^) 

Sliiin, Mlool (7.9g /cm"^) 
Air 


IlKSdA 


HKS.12 



Equivalent diameter - the diameter of the circle w hose area equals to the area of assembly’s 


cross-section. 
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Critical mass 



0.010 I 0.26±0.02 0.27 0.0034±0.0001 


0.092±0.007 0.085 0.093±0.007 


0.009±0.0006 0.0119 0.75±0.04 0,79 0.0133±0.0007 

1.38±0.14 1.44 1.15+0.08 0.9 1.28±0.09 


1.21±0.15 
a - 0.15 


1.27 1.57±0.11 1.40 1.07±0.08 

a = 0.21 a = 0.21 


0.0042 O.lOOtO.005 


0.099 0.083±0.004 


0.0140 0.57±0.(B 

1J9 0.85+0.05 

1.00 ia3±0.07 

a -0.254 


f - fission integral; a - capture integral; c - core; b - blanJcet; 8 - u238. 5 _ u235 


Table in 




BFS-lA 

BFS-6A 

BFS-8 

BFS-12 


AK AM^ 

“T IT 

(Calcnl) 

0.52 

0.44 

0.52 

0.45 


AK AMr 

"iT ^ M 

(Exper) 

0.21 

0.15 

0.23 

0.14 


AK AMr 

“k* ^ M 

(CalcuD 

0.23 

0.14 

0.22 

0.15 


AM^ the variation of critical mass with the uniform variation of partial volume of fis- 
sionable isotope. 

AMp— the variation of critical mass with the variation of core's radius 
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I 





Table IV 


BFS-1 

A 

BFS-6A 

BFS-8 

r BFS-12 

Ex per. 

Calcul. 

Exper. 

Calcul. 

Exper. 

Calcul. 

Exper. 

Calcul. 

“ ^®(nif)/5^^(nif) 

a ® (“iy)/t75 (nj^O 
a ^ (n 2 f)/a 5 (n 2 f) 
o ^ (*iif)/<75(nj^f) 
a2(nif) /ggCnif) 

0.013±0.001 

0.081±0.005 

0.084±0.007 

0.01459 

0.093 

0.100 

0.005010.0003 

0.04210.002 

0.10610.006 

1.1610.02 

1.5910.02 

0.010010.0015 

0.00531 

0.0414 

0.114 

1.176 

1.518 

0.00806 

0.002410.0002 

0.036+0.001 

0.11410.006 

1.2710.02 

1.5610.02 

0.002844 

0.039 

0.12 

1.15 

1.53 

0.0017+0.0002 

0.025410.0003 

0.12910.006 

1.03+0.02 

1.5110.02 

0.15510.012 

0.001891 

0.0293 

0.129 

1.0148 

1.454 

0.211 


Reactivity coefficients for the center of reactor (10“3/kg) 



— — 

Table V 

Material 

BFS- 

lA 

BFS 

-6A 

I BFS-8 

1 BFS-12 

Exper. 

Calcul. 

Exper. 

Calcul. 

Exper. 

Calcul. 

Exper 


U235 

u238 

Pn239 

Iron 

Stainl.steel 

Aturoiniom 

Graphite 

Nickel 

B^C (Natural ) 

+14.43+0.8 

+1.2410.1 

+29.310.7 

+0.4910.05 

0.21+0.05 

+10.510.30 

-0.810.1 

+12.3 

+1.19 

+22.6 

+0.59 

+0.50 

+8.1 

-0.4 

+6.0910.05 

-0.26710.009 

+11.010.15 

-0.1810.02 

-0.2010.02 

-0.3710.06 

+0.2710.10 

-0.3910.02 

-9.5610.34 

+5.21 

-0.261 

+8.66 

-0.265 

-0.29 

-0.262 

+0.134 

-0.402 

-7.00 

+3.4610.03 

-0.01510.011 

+5.9610.13 

-0.10+0.03 

+0.02810.026 

+0.40+0.08 

+2.610.15 

-5.1610.23 

+3.26 

-0.093 

+5.63 

+0.02 

+0.014 

+0.32 

+1.54 

-4.88 

+2.0510.03 

-0.1410.01 

+83110.13 

-0.03510.023 

-0.04+0.02 

0.008+0.07 

+0.030210.11 

-0.049+0.02 

-5.810.24 

+2.11 

-0T45 

+3.19 

-0.0445 

-0.053 

-0.0277 

+0J75 

-0.0995 

-5.42 



Composition of uranium oxide prism 

Table VI 

Element , 

Uranium 

Oxygen 

Iron 

Hydrogen 

Number of nuclei per 

cm^ X lO^^S 1 

0.902 

2.63 

0.373 

0.014 
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Parameters of asymptotic spectra in uranium and uranium-containing media 


Medium 

Parameter 

Metallic uranium 

U^O.884 


U02.92^^«0.41®0.015 

Exper. 

Calcul. 

Exper. 

Calcul. 

Exper. 

Calcul. 

af(u238) /a£(u235) 

1.53±0.06 

1.44 

1.3810.06 

1.29 

1.4410.06 

1.25 

af(Pu239)/a£(u235) 

0.93±0.04 

0.96 

0.7910.03 

0.84 

0.9310.04 

0.89 

af(u238)/a£(u235) 

0.002710.0003 

0.0026 

0.002610.0002 

0.0026 

0.002410.0003 

0.0026 

ac(u238)/tr£(u235) 

0.12610.008 

0.129 

0.11810.009 

0.096 

0.1210.01 

0.10 

Og (Au^^) / (7£ 

0.2610.03 

0.31 

0.7010.05 

0.74 

0.5810.10 

0.51 

ac(Na23)/af(u235) 

- 

- 

0.001710.0001 

0.0018 

- 

- 

Onp(s32)/a£(u23S) 

- 

- 

0.0004910.00003 

0.00048 

- 

- 

"£ /Ng (barns) 

2.3010.03 

2.30 

3.3010.06 

3.40 

5-5Qt0.05 1 

5.59 


I 


The measurements were made by thick gold indicators and resonance selfshielding of gold cross>sections was to be taken into 
account. 


Parameters equilibrium spectra in uranium-containing media and thorium 


Table \Tn 


Medium 

Parameter 

Metallic uranium 

^^0.884 

Metallic tborium 

Exper. 

Calcul. 

Exper. 

Calcul. 

Exper. 

Calcul. 

<Tf(U233)/a£(u235) 

1.5610.05 

1.46 



1.5710.06 

1.50 

(Pu^^^ /fff (U^35) 

1.07+0.04 

1.08 

0.90+0.04 

0.89 

1.04+0.05 

1.11 

er£(u238)/cr£(u235) 

0.016910.0007 

0.0170 

0.013010.0008 

0.0133 

0.017210.0009 

0.0188 

a£(Th232)/<,j(u235) 

- 

- 

0.002610.0002 

0.00236 

0.003210.0002 

0.0034 

ag(u238)/<,j(u235) 

0.12110.005 

0.122 

0^2410.006 

0.118 



(Th232/^^££j235) 

- 

- 

- 

— 

0.13510.007 

0T55 

ffc(Aul^)/<r£(U235) 

0.25+0.01 

0.23 

0.5710.05 

0.48 



ae(Na23)/cr£(u235) 

- 

- 

0.001710.0001 

0.0015 



D 

0.17310.005 

0.171 

0.1510.01 

0.15 

0.02910.001 

0.025 


Approved For Release 2009/08/26 : CIA-RDP88-Q0904RQQ01 001 10017-1 







Approved For Release 2009/08/26 : CIA-RDP88-0Q904R00Q1 0011 001 7-1 


X 


y 


lUntikol 

material 

Reflector 

material 


Water 

nerillium 

(Inrhon 

Iron 

Nickel 

Copper 

Stainlcae 

HtocI 

IxlOlOT 


Ilrnnium 

metallic 

li 


I’ht* Additional IR^flrclor I'lfficifMicy 


Oranium-carhon compoHilion 


1) 



T a l> 1 0 IX 


I'liorium meUiIlic 


M 


0.4910.10 

14 

0.2610.06 

5.8 

0.4610.10 

10.7 

0.8610.10 

34.6 

0..5410.00 

21.9 

0.7510.10 

22.1 

- 

- 

0.5010.00 

17.9 

0..55i0.09 

13.5 

0.2810.09 

6.4 

0.4210.07 

12.0 

0.2410.07 

5.1 

0.5110.10 

14.9 

0.4710.07 

15.6 

0.3610.08 

7.9 

0.4110,09 

10.0 

0.2410.06 

5.9 

0.2010.07 

5.5 

0.4010.09 

10.6 

0.3310.06 

9.2 

0.3010.8 

6.5 


Comparison of cxperimentul and calculated vnlues 
of capture and fission cross -sectunpH and a ^oJo{ 
for central samples of and Pu23v 



1 Oarns | 

1 Rams 

1 Barns 

Isotope 

Expo rim. 

Cnlcul. 

imQQQyillll 

Cnlcul. 


Calcul 

U233 

0.15510.015 

1.165 

2.2610.10 

2.22 1 

0.0710.01 

0.074 

jj235 

0.28010.020 

0.2.57 

1 .4810.06 

1.48 

0.1910.02 

0.174 

p„239 

0.20010.015 

1.168 

1.8110.05 

1.81 

0.1110.01 

0.093 


Experimental value of af received by com prison of the number of fission events in U233. 
U235 and Pu 239 samples. For the latter the fission cross-section was chosen to be equal to 
calculated: 1.81 bams. 


Comparison of Experimental and Calculated Values 
of Capture Cross-sections for Central Samples of 
y238 and Pu^'^® 


Tabic XI 


Uraniuni-238 

Plutonium-240 


Experiment 

0.17i0.02 

0.24±0.02 


Calculatii 


Comparison of Experimental and Calculated Values 
of a*ac/af for the Samples of and Pu^d9 
Placed at the Distances 16.5 cm and 45.8 cm from 
the Core Centre 


Table XII 



r = 16.5 

cm 

r M 45. g cm H 


Experim, 

Calc. 

Experim. 

Calc. ■ 

UrHiiii2m-235 

0.3310.03 

0.37 

0.5510.05 

0.61 1 

Plutonium-239 

0.3810.04 

0.40 

0.7510.08 

0.67 1 
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Fia.2. tUDUL DISTHIBI/riOIl OF DirFIOUafr HJUVriDII 
AT BFO-12 DTAJ®, la - (a,f) Dl FACS fllllKIJ)- 

un AT A2.2 OM OmST FBOM OnTTRAL mXI. 

(n|f) AT OVrSAL mil OF TIB IBAOrOI. 2 
5 - OOLID OUHTS ID OAIOUUTKD HI TIB 

KRIOD Of AITBQXDUTB SETAfiATIOII OF TIB VAIUABIJO 
DUBBD Omn ITOBKITfl TIB KIStJlira OF TWO^ODUnDI- 
OIAL OAIfltn/TnW. 


FID.X. FSBTICAL 8J5C7PI0I! OF TIB HF9 8TAND, I - COIfTHOL BOD ACTU- 
ATOB. 2 - HmnOlFPAL OHAXIBL OF TIB TIOBMAL COLUIB, } - T8AJO- 
POBTABIJ FAOl BHULDUfO, ♦ - TIB ABBABOaoifT FOB OlBnAOBOaT OF 

Mnoroas, 5 - iBAflURBmrr onAWBL ni tib faoi sniiiDDn. 6-10- 
fn BOl. 7 - FtBL aOD. 6 - THKBItAI, OOLUlffl 9.- OOWROL BOD. 



-t 



iro.3, KKUfmi oaoas-a*oTioii3 of diffxbbr euotiiub n bfs-iz 

!.•- a££!^) m’t’j 


36fl 


Fia.4. lASUL DSlUafrXDI Of TIB nStOBA. 
TIOB a BF8-L> BTAID. I - ]^t239. 2 . 

(901 ■mosBaoR), 5 - 1^0 (batubai)« bold 

OUBTBi D OALOtTUTD BT APTiaEJXATI SIFIBA- 
TDI OF TABTABTin, ODIOUS COBODFOD TO 


- 17 - 
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ria.9. Tin aioiarFBx of mwMmki dxvotid to luuouitaaarr of 
enoriu or Tin RnnuKi Botuno raoit mooi. ntiSM or tin tx- 
MB-of-yuairr Taouviqui. i . rm oou of iks iouotor. 3 . tub 
nuBM ifydtsutid. 9 « oxsrmu bwotibiji ruTFOBM. 4 . tub 

QITI or mOUlTBD IBUTIDIf FLlOlff MTU, 5 - TIB BfriUllO* OPW- 
DW OF WAOUATID RBt/rilON FLXQIff PATH 1000 lOTlDO UnOTHt 6 - 
mTFOm iOTUATOB, A - PRISM'O UHOOPPrOIl, B - raiBM’B OFF-IX)- 
BiriOR. 




Fta.6« Tin OtDTRmmuii ur DIFFKHUn KKAOrlUHd IK BB-X BBAOTOB 
WITH UaARZUN^IAffllTI BUNOVT. XOUrrO nUD»r KXiVLXXBrrAL VAlAin. 
SOLO Lim RXilODKKrO TUB OALOUXATKD BEOUIffO AUKK TBAKOPORT - 
APPROXHUTIOIf ARO BmERIOAL OROtfXTRT UATl BOK UOXD. kLL TKB DATA 
AHB RKKOmLIUD TO TUX OAUX RKAOTOX lOfflB UVBL. A - TUI OOBB, 

D - URAKIUU CONTROL BODO, 0 - UBAKXUH RIKO, 0 - QBAXTAITI OKHAQOI, 

B - URANnM ORAntlTI BUKKBT. 

X - U235(n,f) X 10. 2 - lM259(n,f)i 2t - 3 , 

4 - u230(D,jf). 5 - Aul97(B,|)jao , 6 - iln55(Biy)*ID . 7- 
8 > Th^^(n,f}. 9 - RK^^(D,f). TItB BTFSTTS OF BlaOJIAJlOB OBOeS-SU- 
TIOB BXIFflRIElDDn OF THX BXniUM VKBl ROT OOBOBSXD. 



FIQ.8. TUB OOietBOCTXOH OF CXlfTBAL BXQXOB OF TUB 
BB-I SBAOrOB fIZB TaOBIUM BUIXET. X - TES TAOS FO- 
SMDn UFFBB PIAHB BLAIfXR. 2 - PUrTONIUU BODS. 3 - 
OOFTROL BODS. 4 . LOWBB PlAlfX TtCfilUK BLABXXr. 3 - 
TBOEIUU SIAQS. 


rio.7. TUX DlBTRIBOriOS OF DXFFTRXVr BXAOTIOIB IB BB-I BB- 
ACTOR flTR URAKIOll BBTAL BLABXBT. FOmS SaOV THX XXKBX- 
HBRAL RESUIiTS. OALOOIATIOB DATA AT TBinPOBT P^.JLFnK]XlBA- 
TIOX D BmxBXOAL aXOMETBI IXX PBXaBrTXD Bt SOLID 0UB7X. 

ALL TIB DATA ABX BXSOBMALIZXD TO TUX SAKB BBAOTOB POBXB XB- 
VXL. A . TUX OOBX, B - UBAHIUB OORIBOL BODS, C - UBABIUB 
BLAWnr. I - IM«W(n,f>. 2 - 1 / 233 ( 0 , f). 3 . o 2 > 0 (a,j'), 

4 - t/238(n^,j, 5 . AuI97(a,j^), s - Ih232(n,f), 
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FIGIIIU*: CAI^TIONS 

Flg.l, Vertical Soction of the Stand. 

1. Control rod actuator. 

2 . luperiinonlal channel of the tliermal column. 

3. Transportable face shielding. 

4. The arrangement for displacement of detectors. 

5. Measurement channel in the face shielding. 

6 . Lower box. 8 . Thermal column. 

7. Fuel rod. 9. Control rod. 

Fig. 2. Radiol distribution of different reaction at R1"S-12 stand. 

la. (n, f) in face shielding at 82.2cm height from centnd plane. 

lb. (n, f) at central plane of the reactor. 

2. U238 (n, f) 3. u23B (n, y) 

Solid curve is calculated by the method of approximate separation of the variublc.s. 

Dushed curve presents the results of two-dimensional calculation. 

Fig. 3. Relative cross-sections of different reactions in Bb’S-I2 stand. 

(Tf (Pu^^^) ^ fff Of ( ) 

af(lj235)' af(u235)' 

Fig. 4. Radiol distribution of the perturbations in BFS-12 stand. 

1. Pu^^^, 2. U235 (90% enrichment), 3. B^C (natural). Solid curve is calculated by ap- 
proximate separation of variables, circles correspond to experiment. 

Fig. 5. The geometry of experiment devoted to measurement of spectra of the neutrons 
emerging from nickel prism by the time-of-flight technique. 

1. The core of IBR reactor. 2. The prism investigated. 3. Distantly removable platform. 

4. The gate of evacuated neutron flight path. 5. The entrance opening of evacuated 
neutron flight path 1000 metres long, 6 . Platform actuator. A — prism’s in-position, 

B “ prism’s off-position. 

Fig. 6 . The distribution of different reactions in BR-1 reactor with uranium-graphite blanket. 
Points present experimental values. Solid line represents the calculated results when 
transport P 3 -approximation and spherical geometry have been used. All the data are 
renormalized to the same reactor power level. 

A - the core, B - uranium control rods, C - uranium ring, D — graphite hexagon, 

E - uranium graphite blanket. 

1 . (n, f) X 10 ; 2 . Pu239 (n^ f); 2 a. Pu239 f); 3 . \j23S y)> 4 ^ ^238 y)- 

5 . Au 197 (n, y) X 10-1; 6. Mn55 („, ,y) x lO'l; 7. U238 („, f); 8. Th232 („, f); 9 . Na23(n, y). 

The effects of resonance cross-section selfshielding of the medium were not considered. 
Fig. 7. The distribution of different reactions in BR-1 reactor with uranium metal blanket. 

Points show the experimental results. Calculation data at transport P 3 -approximation 
in spherical geometry are presented by solid curve. All the data are renormalized to 
the same reactor power level. 

A — the core, B - uranium control rods, C - uranium blanket. 

1 . Pu239 („, f); 2 . u235 f), 3 . u238 (n, y)j 4. u238 („^ f); 5 . Au 197 („, y); g. Th232{n^f). 

Fig. 8 . The construction of central region of the BR-1 reactor with thorium blanket. 

1. The tags forming upper plane blanket. 2. Plutonium rods. 3. Control rods. 4. Lower 
plane thorium blanket. 5. Thorium slugs. 
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Fig.9. The di^’tribution of different rcactionH In the BR-l rcnctor with llioriurn blunkel. PolniH 
correspond to experiment. Thodutu culculnled in tmriHport P;j -upprojiitnution in sphericiil 
geometry ore shown hy solid curves. All the date are rtiiionna lilted to the same reactor 
power level, 

A - the core, B — thorium control rods, C - thorium blanket. 

1 . Mn55 (n. y) x 105; 2 . Aul97(„, y) x lO^; 3 . |>u239 („^ f). 4 , •|■|, 2 :I 2 y), 5 Cu63(n, y)j 

6 . U233 („, f) X 10-3, 7 i,2;J5 („^ f) , iq-A, g. •n, 2 :i 2 („^ f), 9 , u 2 ;i 8 („_ f) , iq-T; 

10 . p31 p)x 10 - 7 ; ll,s32(n,p)x 10 - 9 ; 12 . Si28 (n, p) x lO’lO. 

Fig.lO. The dcn.sity distribution of different reoctiona in the DIM reactor with nickel blanket. 
Points show the experimental data. The results of calculation carried out in transport 
P 3 -Qpproximation in spherical geometry by using the constants from [A] without the 
consideration of selfaliielding effects ore shown by dashed-pointed curve. The same 
results afthr taking into account the rcsononce selfshielding effects are represented by 
dashed curve. Solid curve corresponds to corrected values of constants (see the text). 

All the data renormalized to the same reactor power level. 

A — the core, B — control rods, C - nickel hexagon, 1 ) - blanket consisting of nickel 
slugs. 

1. Pu239 (n^ f); 2. Au^^^ (n^ .y); 3 . Mn^S (n, y); 4. Th232 f). 5 , y). 

6 . Nn23 (n^ y), 

Fig.ll. The spectrum of neutrons emerging from the nickel prism of various thickness. The 
calculation results carried out in transport Sg-approximation in plane geometry shown 
by histograms. Solid histogram corresponds to calculation taking into account resonance 
selfshielding of nickel cross-section, dashed - without consideration of this effect. 
Fig.l2. Neutron spectra in the nickel blanket of BH-l reactor at 14.4 cm (curve 1 ) and 29 cm (curve 2) 
from centre. Points show the experimental data for threshold -detectors Th232 (q^ f)^ 
p3^ (n, p) and Si^S (n, p) and for resonance indi(iators ( 1 . 4 ev), Au^^^ ( 4 ^ 9 ev), 
La^39 (73.5ev), Mn^S (337ev) and Na23 (2.9kev). The histograms demonstrate the 
results of calculations carried out in transport p 3 -approximation in spherical geometry. 
The corrected selfshielding factors are used for the cross-sections. All the data 
renormalized to the same reactor power level. 

Fig.l3. The distribution of different reactions in BR-l reactor with iron blanket. Points show 
the experimental data. The results of calculations carried out in transport P 3 -approxima- 
tion in spherical geometry with no consideration of selfshieldiqg effects are shown by 
dashed curve. The same calculations taking into account the effects of cross-section 
resonance selfindication are shown by solid curve. The results of two dimensional 
calculations in P 3 -approximation are shown by dashed pointed curve. 

A — the core, B — iron control rods, C — iron blanket. 

1 . Pu 239 (n, f); 2 . Aui97 y); 3 . Mn55 y); 4 . Na23 (n^ .y). 5 'p}j232 (n^ q ^ lO; 

6 . Cu63 (n^ y) X 10-2 

Fig.l4. The neutron spectra emerging from the iron prism of various thickness. The histograms 
show the results of calculations carried out in transport Sg-approximation in plane 
geometry. 

Fig.15. The neutron spectra emerging from the stainless steel prism. The histograms show 

the results of calculations carried out in transport Sg-approximation in plane geometry. 
Fig.l 6 . Density distribution of some reactions in BR-l reactor with copper blanket. Points cor- 
respond to experimental values. The results of calculations in transport Pg-approxima- 
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tion Jn flpherical geometry («oHd curve) nnd Iwo-dimenalonnl colculntlona in Pj^ap- 
proxlmatlon (dashed curve) un* presenlod. Also the calculation njaultH for (n, y) 
reaction with no conaidcrulion of selfshielding effect are shown by pointed curve, 
Oashed-fwinled curves calculated without taking into account the cross-section 
solfshielding effects. 

A - the core, B — Gennun silver control rods, C — copper blanket, 

1. Au 197 (n^ y); 2 . Pu239 f). 3^ Cu^'3 y). 4 y230 (n, f). 

hig.l7. The density distribution of some reactions at thorium-nickel boundary. I^oints show 
the experimental values, I he results of transport p 3 -npproximation in spherical 
geometry are presented by solid curves. 

1. Ij233 („. f); 2 . u235 f); 3 . Th232 („, y), 4 , Th232(„, y), 5 , Au197 („, y). 

6 . 1)233 (n, y); 7 . 7 |,e contribution of gold rcuonunce ut 4 . 9 ev into the .sample activa- 
tion. The descrepancy of 1)233 („, f) andU235 (n^ f) di.stributions could be explained by 
the uncertainties in nickel constants used for the calculations. 


selfshielding effects are not considered; 
selfshielding effects ore taken into account. 

big, 18. The density distribution of various reactions at uranium-berillium boundary. Points 
show the experimental values. The results of calculations carried out in transport 
P 3 -approximation in spherical geometry are shown by solid curves 
1 . U235 (a. f), 2. u238 („, y); 3, u238 y). 4 . Au 197 y). 5 , contribution of 

gold resonance at 4.9ev into sample activation. The disagreement in the case of 
U (n, f) distribution caused by impurities of berillium used. 

The effects of cross-section selfshielding are not considered. 

Selfshielding effects are taken into account. 

Fig.l9. The density distribution of different reactions at stainless steel - thorium boundary. 

Points show the experimental data. The results of calculation in transport P 3 -opproxima- 
tion in spherical geometry are presented by solid curves. 

1 . Au 197 (n, y) X I 0 I 2 , 2 , u 2-33 (n. y) x lo 2 , 3 , Cu63 f) x IqS, , 1 . u233 („_ f) 

5, 1)235 (n, f)^ 6 . Th232 y)^ 7 . Th232 y) g Yh232 f) 

The effects of cross-section selfshielding are not considered. 

Selfshielding effects are taken into account. 

Fig. 20 . Neutron spectra in BR-5 reactor at various distances from the centre. Solid histogram 
shows the spectrum of neutron flux; dashed histogram presents the distribution of 
capture events in Pu^^^. 
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